The aims of this study were to investigate papillary and follicular thyroid carcinomas with bone metastasis in various clinical presentations and to determine the prognostic factors after multimodality treatment. A retrospective analysis was performed of 3,120 patients with papillary and follicular thyroid carcinoma. Of these patients, 131 (including 97 women, 71.8%) were diagnosed with bone metastasis and underwent follow-up at the Chang Gung Medical Center. Patients with bone metastasis were categorized into two groups. Group A was comprised of patients who were diagnosed with bone metastasis either before thyroidectomy or within 6 months of the initial thyroidectomy (90 patients, 68.7%). Group B was comprised of patients with bone metastasis who received a diagnosis 6 months post-thyroidectomy in the follow-up period (41 patients, 31.3%). After a mean follow-up period of 8.4 ± 7.0 years, there were 88 deaths (67.2%) attributed to thyroid cancer and 13 patients (9.9%) achieved disease-free status. A multivariate analysis showed that older age, early diagnosis, and brain metastasis were each associated with a poor prognosis. The difference in disease-specific mortality rates between groups A and B was significant (p < 0.0001). In conclusion, papillary and follicular thyroid cancers with bone metastasis have a high rate of mortality. Despite this high mortality, 9.9% patients still had an excellent response to treatment.
Introduction
Thyroid cancer is the most common malignancy of the endocrine system, with an increasing incidence in the past three decades. Well-differentiated thyroid cancers, including papillary and follicular carcinomas, comprise approximately 85% to 90% of all thyroid cancers and usually have an excellent prognosis following appropriate treatment [1, 2] . However, 3%-20% of patients develop distant metastasis during the treatment or follow-up [3] [4] [5] [6] . Distant metastases from thyroid carcinomas typically appear in the lungs and bone [5] . Compared to lung a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 involvement, patients with bone metastasis generally have a worse prognosis [5, 7] . The incidence of bone metastasis is 1%-7% in papillary thyroid carcinoma and 7%-20% in follicular thyroid carcinoma [8] . The mechanisms underlying the tendency of well-differentiated thyroid carcinoma to leading to bone metastasis is not entirely clear [6, 9] . Bone metastases of well-differentiated thyroid carcinoma are most often osteolytic lesions. Skeletal metastases can cause pain, pathologic fractures, and spinal cord compression. However, there are also clinically silent bone metastases. The treatments for bone metastasis of well-differentiated thyroid carcinoma include radioactive iodide ( 131 I), surgical resection, external beam radiation therapy, arterial embolization, systemic bisphosphonates or chemotherapy, and percutaneous imageguided treatments [8, 10, 11] . With these therapeutic modalities, the prognosis in patients with bone metastatic disease remains poor, with a 10-year survival rate <50%. However, long-term survival has been demonstrated in a small proportion of patients [5, 7] . The use of prognostic factors in risk stratification and development of personalized therapy is necessary for this population. The purpose of this study was to investigate the prognostic factors and long-term outcomes in patients diagnosed with papillary and follicular thyroid carcinomas with bone metastasis.
Subjects and methods

Study design
We reviewed 4,062 cases of thyroid cancer in our database from between 1977 and 2012. A total of 567 cases were excluded either because patients did not receive follow up care at our hospital (479 cases) or because the first thyroidectomy took place at other hospitals and no detailed information was available (88 cases) (Fig 1) . Among 3,120 patients with papillary and follicular thyroid carcinoma, 131 (94 women, 71.8%) were diagnosed with bone metastasis and underwent follow-up care at the Chang Gung Medical Center in Linkou, Taiwan. At the time of initial thyroidectomy, 33 cases were clinically diagnosed as clinical stage I, II, or III (Fig 1) . An additional 98 cases were diagnosed as distant metastasis, including bone metastasis, at the time of thyroidectomy. Inclusion criteria for patients in this study were histopathologically proven papillary or follicular thyroid carcinomas with bone metastasis proven using tissue biopsy or imaging with 131 I, computed tomography (CT), or magnetic resonance imaging (MRI). Patients with insufficient data were excluded from the study.
Patient grouping
Of the 131 patients with bone metastasis, 87 (66.4%) underwent a total thyroidectomy. For the other 44 patients, only a partial thyroidectomy (including subtotal, lobectomy, or biopsy) was performed. Reasons for partial thyroidectomy included patient refusal of complete thyroidectomy, advanced locoregional invasion, or poor health of the patient rendering them unsuitable for the procedure. Patients were categorized into two groups. Group A included patients who were diagnosed with bone metastasis either before thyroidectomy or within 6 months of the initial thyroidectomy (90 patients, 68.7%). Of the patients in group A, 29 patients (22.1%) had bone metastasis confirmed by tissue biopsy before thyroidectomy. Of the remaining 61 patients in group A, 45 presented with 131 I-avid lesions in distant metastases. There were 6 cases of distant metastases and elevated thyroglobulin (Tg), as diagnosed using CT imaging. Seven cases were diagnosed with bone or lung metastases with elevated Tg via chest or skeletal radiography. An additional 3 cases were diagnosed via bone scintigraphy, including 1 case, which was diagnosed using MRI at the same time. Group B included patients with bone metastasis who received a diagnosis 6 months post-thyroidectomy in the follow-up period (41 patients, 31.3%). Among the 41 patients in group B, 33 were diagnosed with in the distant metastases. Five cases of distant metastases were diagnosed using CT, 2 cases were diagnosed using bone scintigraphy, and 1 case was diagnosed using MRI.
The tumors in all of the patients in the study were staged using the American Joint Committee on Cancer-tumor node metastasis (AJCC-TNM) criteria (7 th edition) [12] . All thyroid carcinomas were pathologically classified according to the World Health Organization (WHO) criteria [13] . A second primary malignancy was diagnosed in patients with thyroid cancer based on the malignancy diagnosis codes 140-208.91 in the International Classification of Diseases, 9th Revision (ICD-9) clinical modification format. Patients with malignancy required diagnostic validation by at least two specialists, evaluated based on patient medical examination records, laboratory and imaging results, and histological or cytological analyses. Patients diagnosed with malignancies were categorized into different groups according to the anatomical organ system involved.
Additional diagnosis and therapy
Approximately 4-6 weeks after thyroidectomy, thyroid remnant ablation was recommended for patients with high-risk papillary and follicular thyroid carcinoma. The I administration using a dual-head gamma camera (Dual Genesys, ADAC, USA) equipped with a high-energy collimator, as detail described previously [5, 14] . Subsequently, L-T 4 At the end of 2014, patient mortality was categorized into thyroid cancer-related mortality and total mortality. Survival of patients with thyroid cancer was categorized according to the modified American Thyroid Association (ATA) guidelines into an excellent response group and a non-remission group [15] . The excellent response group was defined as having a negative imaging finding including an 131 I scan, suppressed Tg levels <0.12 ng/mL, or stimulated Tg levels <1 ng/mL.
Statistical analysis
All data are expressed as the mean ± standard error. Univariate and multivariate statistical analyses were performed to determine the significance of various factors using the KaplanMeier method and log-rank test [16] . P-values < 0.05 were considered statistically significant. In addition, survival rates were calculated using the Kaplan-Meier method and were compared using the Breslow and Mantel-Cox tests. This study was approved by the Chang Gung Medical Foundation Institutional Review Board (102-3433B). Because of the retrospective nature of this study, the requirement for informed consent was waived. The statistical software SPSS 21.0 and GraphPad Prism 5.0 were used in this study. Among the 131 cases included in the study, 52 (39.7%) were diagnosed as follicular thyroid carcinoma. Of the 52 follicular thyroid carcinomas, there was only 1 minimally invasive variant and 1 case with poorly differentiated components. Of the 79 cases of papillary thyroid carcinoma, there were 24 follicular variants, 5 with poorly differentiated components, and 3 tall cell variants. Patients with follicular thyroid carcinoma had a notably higher incidence of bone metastasis compared with those who had papillary thyroid carcinoma (59/322 patients, 16% vs. 79/2,798 patients, 2%, respectively). A comparison between follicular and papillary thyroid carcinomas with bone metastasis showed a higher incidence of follicular carcinoma in group A and an older average patient age in the follicular group. Patients in the follicular thyroid carcinoma group also had a more advanced TNM stage, and higher disease-specific and total mortality rates. Among the patients in group A, 29 were diagnosed with bone metastasis before thyroidectomy, including 14 patients who presented with vertebral metastasis, 4 patients with skull metastasis, and the remaining patients with metastatic involvement of the sternum, the ischium, and the extremities. Of the 131 patients, 19 required additional neck dissection for locoregional recurrence, including 7 patients who underwent two operations. A total of 68 (51.9%) patients underwent external radiotherapy (Table 1) . The peak disease incidence in the male group occurred 10 years earlier than in the female group (41-50 vs. 51-60 years, respectively). After a mean follow-up of 8.4 ± 7.0 years, 88 patients (67.2%) died of thyroid cancer, and 13 patients (9.9%) achieved an excellent response status. Fig 2 shows the thyroid cancer-specific survival rates for patients by group and combined. The disease-specific survival rates for groups A, B, and for all patients in the study were 53.4%, 85.0%, and 63.5% at 5 years; 22.9%, 64.2%, and 36.7% at 10 years; 9.4%, 37.3%, and 18.2% at 20 years; and 3.7%, 37.3%, and 10.8% at 30 years, respectively. The difference in disease-specific mortality rates between groups A and B was significant (p < 0.0001). The diseasespecific survival rate in group B was significantly higher than that in group A (Fig 2) . Table 2 shows the univariate analysis of thyroid cancer mortality. Disease-specific mortality was higher among patients with an early diagnosis, women, older patients, the follicular thyroid carcinoma group, patients with advanced TNM stage, and those with brain metastasis or invasion. Multivariate analysis showed that age, early diagnosis, and brain metastasis were statistically significant factors and Hazard ratio for cancer mortality (Fig 3) .
Results
Discussion
Distant metastasis of well-differentiated thyroid cancer has been reported in 1.4%-9% of patients at the time of initial diagnosis, depending on the case selection [3, 5, 17] . Among the The disease-specific survival rates for groups A, B, and for all patients included in the study were 53.4%, 85.0%, and 63.5% at 5 years; 22.9%, 64.2%, and 36.7% at 10 years; 9.4%, 37.3%, and 18.2% at 20 years; and 3.7%, 37.3%, and 10.8% at 30 years, respectively. The difference in disease-specific mortality rates between groups A and B was significant difference (p < 0.0001). cases of distant metastasis, bone metastasis occurred less frequently than lung metastasis. However, bone metastasis was associated with a poorer prognosis as compared to lung metastasis [18, 19] . In our study, bone metastases in papillary and follicular thyroid carcinomas presented at different times and were diagnosed either via imaging techniques or histological tissue analysis. The diagnosis and treatment of well-differentiated thyroid cancers have changed in recent decades. As in a previous study [20] , distant metastasis concurrent with the diagnosis of well-differentiated thyroid cancer was unusual and had a poor prognosis. Our results are similar to those of the study from the Memorial Sloan-Kettering Cancer Center, in which the 5-year overall survival rate and disease-specific survival rate were 65% and 68%, respectively [20] . Extrapulmonary metastasis, including bone metastasis, and follicular thyroid carcinoma indicated a worse prognosis than papillary thyroid carcinoma.
Compared with the other groups, group A patients had a higher rate of cancer mortality (76.7%). Most patients who were diagnosed with bone metastasis before thyroidectomy presented with skeletal pain or neurological disorders, as described in a previous study [17] . Over half of our patients underwent external radiotherapy for symptom relief and to reduce the tumor size. Although patients in this group were treated for a neurological deficiency with a poor prognosis, 5 patients (5.6%) responded well to the surgical removal of the bone metastatic tissue followed by 131 I treatment. In recent studies, preoperative neurological deficit was significantly associated with worse overall survival and preoperative embolization was significantly associated with improved overall survival [21, 22] . The disease-specific survival of patients with papillary and follicular thyroid carcinoma is fairly good, although inadequate treatment of bone metastasis can result in severe morbidities. Therefore, radical surgery for metastatic bone lesions should be considered, especially for those with otherwise favorable prognostic factors of cancer mortality [7] .
In our study, there were more patients with bone metastasis in the papillary thyroid carcinoma group than in the follicular thyroid carcinoma group. As shown in previous studies, hematogenous spreading and distant metastasis were more common in follicular thyroid carcinoma [23, 24] . Additionally, in our study, patients with follicular thyroid carcinoma were older and had larger tumors, similar to previous observations [25] . Compared with patients with papillary thyroid carcinoma, a higher percentage of patients with follicular thyroid carcinoma were diagnosed with bone metastasis before or during thyroidectomy, and they showed a higher rate of disease-specific mortality. Preoperative fine needle aspiration cytology of classic papillary thyroid carcinoma usually shows characteristic features of intranuclear grooving and inclusion bodies in the nucleus [24, 26] . In contrast, follicular thyroid carcinoma must be diagnosed as having capsular or vascular invasion in the final histopathological assessment. This is the main reason for the delayed diagnosis of follicular thyroid carcinoma.
Among our patients, there were 8 cases with intracranial involvement, including 4 that were diagnosed histopathologically. Compared with other malignancies, there were few welldifferentiated thyroid carcinomas with intracranial involvement [27, 28] . As shown previously, intracranial involvement, including brain metastasis and intracranial invasion from the scalp, were indicators of a poor prognosis relative to those with bone metastasis without brain involvement [29] . Surgical resection and multidisciplinary adjuvant treatment were critical for improving outcomes in patients with intracranial metastasis from thyroid cancer. All of our patients with intracranial involvement died of thyroid cancer within a median follow-up period of 5 years.
In the long-term follow-up period of this study, we found that patients diagnosed with bone metastasis during the follow-up had a better prognosis than those diagnosed at the initial thyroidectomy. Patients with follicular thyroid carcinoma had a worse prognosis than those with papillary thyroid carcinoma. Achievement of an excellent response after treatment was significantly higher in group B, possibly due to less advanced disease at the time of thyroidectomy, TNM staging, and a lower percentage of patients with follicular thyroid carcinoma. The limitations of this study include changing and inconsistent therapeutic and diagnostic modalities, owing to the long-term follow-up period. In addition, most well-differentiated thyroid carcinoma with bone metastasis did not have tissue proven disease. Basing the diagnosis on clinical features and 131 I-avid lesions, there was a low possibility of including cancers of nonthyroid origin. In conclusion, papillary and follicular thyroid carcinomas with bone metastasis have a high rate of mortality. However, we found that the 5-year survival rates exceeded 5 years in different clinical presentation groups. Aggressive surgical treatment to remove metastatic lesions and postoperative 131 I therapy are recommended in such cases.
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